Scale-up production, characterization and toxicity of a freeze-dried lipid-stabilized microbubble formulation for ultrasound imaging and therapy.
Microbubble formulations have a long history for enhancement of ultrasound (US) imaging and recently also for therapeutic applications. Previously, a series of freeze-dried bubble formulations based on the lipids DSPC and DSPG were developed. Here, we have attempted to scale-up the production process for future more extensive studies. Bubbles were prepared by homogenization of a lipid dispersion in a perfluoropropane atmosphere in a medium size (300-500 mL) homogenizer and then freeze-dried for better storage stability. In total, 300 freeze-dried vials were prepared. The properties of the bubbles were similar to those previously prepared on a lab scale with the difference that they were slightly larger and also had a better stability. The re-entrapped gas concentration after re-constituted freeze-dried bubbles was 9.4 µL/µmol lipid. The re-entrapped rate was 72.3% of fresh bubble before freeze-drying (13.0 µL/µmol lipid). The half-life of US imaging signal of the re-constituted freeze-dried bubbles in water in vitro was shorter than that of the fresh bubbles (2.7 min vs. 3.3 min). A leak of Evans Blue, that binds to albumin, from mouse ear blood vessel was observed after combination of bubble and US irradiation of 1 MHz for 1 min. As a result of bubble vibration by US irradiation, vascular endothelial cell bond opened and Evans Blue leaked. Toxicity of bubble was tested in rats. No toxicity was found after a single injection in the dose range tested. No serious toxicity was seen after repeated injections (one daily injection during 15 days).